The structure of thiourea nitrate has been determined by three-dimensional X-ray methods. Both Cu Ke and Mo K~ data were obtained with a single-crystal diffractometer and the final R values are 4.9% and 5.5% respectively. The space group is P211m and there are two molecules in the unit cell.
Introduction
There are two possibilities for the structure of the protonated urea or thiourea cation:
Various attempts have been made to locate the position of the extra proton by infrared-spectroscopic methods, but the interpretation of the spectra has been contradictory; both structure (I) and structure (II) have been used to explain the same infrared spectra. From the spectrum of urea nitrate Davies & Hopkins (1957) concluded that the proton is attached to one of the two NH2 groups. Spinner (1959) came to the same conclusion. On the other hand, Janssen (1961) and Kutzelnigg & Mecke (1961a, b,c) came to the conclusion that the proton is attached to the oxygen or sulphur atom.
The X-ray structure analyses of the salts urea phosphate (Sundera-Rao, Turley & Pepinsky, 1957) and N-methylurea nitrate (Bryden, 1957) indicated that the proton of the acid becomes attached to the urea oxygen, but the results were not conclusive. The present X-ray analysis was carried out in an attempt to locate the position of the proton in thiourea nitrate and urea nitrate, and then to compare the bonding in these two compounds. (Three-dimensional intensity data have been collected for urea nitrate and work on this structure is in progress.)
Experimental
Crystals grown from an aqueous solution were mainly long monoclinic needles in the [010] direction. They were extremely soft, having well-developed faces showing easy cleavage along (010). The crystals were un-* Present address: Badger N.V., The Hague, The Netherlands. stable in air, and the specimens investigated were sealed in thin-waUed capillary tubes.
Unit-cell dimensions obtained from a single crystal mounted on the Nonius automatic diffractometer are: a = 6.384 + 0.005, b = 6.398 + 0.004, c = 6.980 + 0.005 A; fl = 98.65 + 0.05 °. The density was determined by flotation to be 1.65 g.cm-3; the calculated density is 1.65 g.cm -3 for 2 molecules in the unit cell.
Intensities of a single crystal were measured at room temperature on the Nonius diffractometer; 448 reflexions (hkl and hkl) were recorded with filtered Cu Ka radiation and 662 with filtered Mo Ka radiation.
The linear absorption coefficient for Cu Ka radiation is 45 cm -1 and the optimum thickness 0.045 cm. The needle-shaped crystal measured had a cross-sectional thickness of the order of 0.01 era; no absorption corrections were applied.
Patterson function and space group determination
A three-dimensional sharpened Patterson function was evaluated using 1/(Zfs) 2 as coefficients, the sum being taken over the atoms in the unit cell. I is the intensity of a reflexion corrected for Lorentz and polarization factors, and 3') is the scattering factor of the jth atom. Precession photographs showed that the 0k0 reflexions were absent for odd values of k. The allowed space groups are P21 and P21/m, the latter being centrosymmetric. The statistical test of Howells, Phillips & Rogers (1950) If the location of this molecule could be assumed, the problem was then to locate the second molecule, or what amounted to the same thing, the position of the screw axis in the centrosymmetric structure had to be determined. Structure factors Fc were calculated for the hOl reflexions, assuming that the molecule shown in Fig. 1 was part of a non-centrosymmetric structure. The phases thus obtained were used to make the difference electron density projection shown in Fig. 2 . The second molecule is now revealed and the section y/b = ½ of the Patterson function can easily be interpreted (Fig. 3 ).
Structure refinement
The three-dimensional least-squares refinement was carried out with a modification of the Busing, Martin & Levy (1962) program ORFLS. First the Cu Ka data were refined, and when the Mo K ~ data were obtained, they were refined in exactly the same way. The method used was the following.
Three cycles of refinement were carried out in which the overall scale factor and the x and z coordinates of the eight independent atoms and their isotropic temperature factors were varied. The function minimized Next, three cycles of refinement were carried out with the temperature factors of five atoms in anisotropic form. (The number of parameters was limited by the size of the computer used.) The R value for Cu K~ data dropped to 7.3%. A difference electron density section at this stage is shown in Fig.4 . The positions of the 5 hydrogen atoms are revealed; they all lie on the same plane with the other atoms.
The final refinement was carried out in several stages since not more than 30 parameters could be varied at a time. Besides the overall scale factor, the x and z coordinates of all the atoms and the anisotropic temperature factors of the non-hydrogen atoms were varied. The hydrogen atoms were assigned fixed isotropic temperature factors of 3-5 .A2 except H(5) which had B = 4-0 A 2. The terms D12 and fl23 were kept equal to zero in accordance with the space group restrictions (Peterse & Palm, 1966) .
In order to allow for the anomalous dispersion of the sulphur atom a hypothetical scatterer was superimposed over the 'normal' sulphur atom. This scatterer was assigned a constant scattering power of 0.3 elec-trons for the Cu Ka data and 0.1 electron for the Mo Ka data. All other scattering factors used were those tabulated by Hanson, Herman, Lea & Skillman (1964) .
Refinement was stopped when the changes in the parameters were less than the standard deviations of the parameters themselves. The positional parameters of H(5) kept oscillating slightly, however. The final R values were 4.9% for the Cu K~ data and 5.5% for the Mo Ka data.
Results
The final positional and vibrational parameters are shown in Tables 1 and 2 , and the bond lengths and angles in Tables 3 and 4 recorded. This is in spite of the fact that the errors in the measurement of the Cu Ka intensities were smaller; there was much less background associated with the Cu Ka radiation and the count rate was appreciably higher. Cruickshank's (1961) correction for rotational oscillation of molecules yielded values of between 0.01 and 0.02 A, which were applicable to the bond lengths of (Truter, 1960) . A similar analysis was attempted for the thiourea nitrate molecules, but there were large discrepancies between the observed and calculated vibration ellipsoids. It is possible that the hydrogen bonds linking the thiourea and nitrate groups prevent either group from performing strictly rigid-body vibrations.
Discussion of the structure
The structure as a whole consists of layers of planar molecules, the planes lying perpendicular to the crys- (Fig. 5) . The atoms N(1) and N(2) are in the trigonally hybridized state and form N-H... O bonds of lengths 2.97 and 2.88 A with O(1) and 0(3) respectively. The other two hydrogen atoms attached to N(1) and N(2) form bifurcated hydrogen bonds with two other nitrate groups. These bonds are not equal in length, the N...O distances being 3.31, 2.94, 3.16 and 3.16 A. The fifth hydrogen atom also lies in the plane formed by the rest of the atoms. It is attached to the sulphur atom and lies approximately equidistant from two oxygen atoms. The line H(5)... S makes an angle of 105 o with the C-S bond.
Theoretical considerations lead us to expect the S-C bond to be lengthened and the C-N bonds to be shortened when the S atom becomes protonated. Referring to Table 5 , we see that the S-C bond length in thiourea nitrate is indeed greater than that found in thiourea, but this difference is not large enough to be statistically significant.
The two C-N bond lengths in thiourea nitrate are not significantly different. Assuming an average C-N length of 1.306 A, we see that this value is significantly smaller than the 1.340 A determined for thiourea, with
A/o=6"O.
There is a large difference in the two S-C-N angles. A similar effect has been discovered in s-methylisothiourea sulphate by Stam (1962) .
The values of the S-C and C-N bond lengths and the S-C-N bond angles determined for several thiourea derivatives are shown in Table 5 .
The dimensions and symmetry of the nitrate anion have been discussed in several publications (Ferrari, Braibanti, Manotti-Lanfredi & Tiripicchio, 1967 
